During the past twenty years num erous publica tions have reported detailed studies of the UV-induced deform ation of desoxyribonucleic acids and the individual bases [1] . These investigations reveal that among other reversible cyclizations and addition of water to the 5,6-double bond of the pyrimidine base can be adduced as the cause of the UV-induced m u tations of D N A . On the other hand, relatively little is known about the role of atm ospheric oxygen during the irradiation of D N A with wavelengths above 290 nm [2, 3] . The work described in sheds some light for participation of reactive oxygen species in the UV-induced deform ation of D N A by systematic series of experiments.
Generally it is assumed that light-induced reaction of DNA is controlled by the excited state (DNA*) (Reaction path a. Fig. 1 ). The photoproducts (/-DNA) formed by a 2+2-cycloaddition (R eaction path b) [4] partly react back to D N A (R eaction path c). In princi ple the excited state can react directly with water (Reaction path d) [5] or else intract with oxygen in an electron or energy transfer reaction (Reaction path e ), which could contribute to the form ation of the oxygen species ('0 2 , 'O H , O O H , 0 3, 0 2~, H 20 2). These species would be able to attack the D N A and give irreversible reaction products (R eaction path f). The problem requiring a solution was to discover which of the possible oxygen species can be induced by photoexcitation of D NA. From the results of the ir- radiations at wavelengths above 290 nm perform ed in aqueous systems, in which we made allowance for a variety of param eters, it is revealed that the reac tion not only varies with wavelength, pH , and tem perature but is also dependent on the concentration of oxygen. By increasing oxygen partial pressure, the relative reaction rate under the experim ental condi tions is as much as doubled. A maximum conversion is obtained at pH 12,4, while the deform ation is al most completely blocked in strongly acid media (pH 2,0). By contrast, if the experim ent is p e r form ed at shorter wavelengths (A > 230 nm) in abs ence of oxygen, then a maximum deform ation is re corded in the acid region (pH 3,9). Sodium chloride, potassium chloride, and sodium dihydrogen phos-
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phate saltes in concentrations up to 1% at wavelengths above 290 nm as well as above 230 nm produce only a slight change in conversion rate. On the basis of absorbance difference diagrams ( Fig. 2 ) it may be stated that the photoreaction proceeds nonuniform ly and can be brought to a halt at tem perature below -10 °C in both cases. It is especially significant that the reaction is accelerated with typi cal triplet sensitizers such as acetone (E x = 79,0 kcal/mole) when oxygen is excluded (Fig. 3 ) and can be quenched with fram,-l,3-pentadiene (E, = 66,6 kcal/m ole). The results show that the triplet-excited states directly or indirectly (Fig. 3 ) con trol the D N A deform ation.
In order to characterize the role of the possible oxygen species during the UV-induced reaction of D N A in w ater at wavelengths greater than 290 nm, which are representative for the troposphere, we perform ed typical trapping reactions (Table I) . During the irradiation of D N A in w ater at wavelengths greater than 290 nm no endo-peroxides could be detected in the presence of dimethylanthracene. If dim ethylfurane is used as trapping agent for !0 2, the ozonide is form ed in very small concen trations along with other undeterm ined reaction pro ducts; it is, however, also produced in similar con centrations in the absence of D N A . In contrast to aTerpinene and Lim onene, which yield in the pre sence of ]0 2 specific conversion products e.g. Ascaridol, Terpinolene a strong '0 2 quencher does not react under these conditions. The product analysis in comparison with those of Rose Bengal show that DNA has no effect on these reactions. Experim ents of imidazole with combinations of N -N-dimethyl-/?-nitrosoaniline, which afford /ram -annular peroxides in the presence of ' 0 2 and should influence the ab sorption band of N -N-dimethyl-/?-nitrosoaniline at 440 nm, could not be carried out because of their photoinstability. W hen thiourea and allylthiourea were used as trapping agents for '0 2 the anticipate aminosulfonic acids could not be detected. A n a t tem pt to quench the reaction with N3~ ions also pro duced no effect in this case. The relative DN A breakdown rate is not altered under these condi tions. If the reaction is carried out in D 20 , which is known to increase lifespan of singlet oxygen, then the degradation rates are not altered. These studies show that the participation of singlet oxygen in the photo-induced deform ation of D N A can be ex cluded. The question, w hether OH-radicals are pro duced, could be answered from the results of the following trapping experiments: benzene, which is known to react to phenol; ethanol, which is trans form ed into acetone and propanol-(2), which gives acetone in the presence of O H , were stable under the reaction conditions. Addition of N -N-dimethyl-/7-nitrosoaniline also gave no assessable results be cause of its photoinstability. These specific reactions exclude the presence of OH in the reaction solution.
If it is assumed that ozone accounts for the deform a tion, then a secondary photo-induced reaction should lead to the form ation of H 20 2 or OH; and their form ation was excluded. In addition, the massspectroscopic studies of the reaction solution in a special gasphase mass analyzer system showed the probability of the presence of ozone to be remote. The question w hether the peroxide anion ( 0 2_' is form ed during the photolysis of D N A in aqueous systems was answ ered by the results of the reactions with hydroxylamine. The expected nitrite could not be identified. Peroxide dismutase, tetrazolium salts, crocine, and cytochrome C are unsuitable as trap ping agents for 0 2~ under irradiation conditions be cause they themselves absorb and are photolytically unstable. Support for the absence of 0 2-' was ob tained by studies with riboflavin, which in the p re sence of ethylenediam ine tetraacetate (ED TA ) or m ethionine gives 0 2~' by photoinduction. When the experim ents were carried out in the presence of riboflavin the relative deform ation rate of DNA in creased. It follows that DN A is able to react with 0 2-'. Assuming th at D N A can form 0 2-' by lightinduction in the presence of E D T A or methionine in analogy to riboflavin, then the photodegradation of D N A should be accelerated in the presence of these substances. H ow ever, they had no effect on the reac tion. Thus, DN A cannot generate superoxide anions ( 0 2_ ) even in the presence of E D T A or methionine. It can do so only if riboflavin is present in the reac tion solution. The experim ents showed, however, that DN A can take the role of E D T A or methionine during the photolysis of riboflavin and contribute to the generation or superoxide ( 0 2_ ).
If it is assumed that D N A reacts with groundstate oxygen (30 2) to form peroxides from the excited state, then these should react with cumene to give cumyl alcohol and acetophenone, analogously to the humic substances in natural waters [29] . Experim ents of cumene in presence of D N A led to the identifica tion of the above m entioned products. These pro ducts were indeed unambiguously identified (Fig. 4) . The results of these experim ents confirm, that the UV deform ation of D N A at wavelengths above 290 nm is controlled solely by the excited states via biradical interm ediate stages which are able to react with groundstate oxygen (30 2) to form peroxides (Fig. 1, R eaction path g ). Finally, it is suggested that in addition to intram olecular dim erizations and addi tions of w ater the photoinduced oxidation with groundstate oxygen should be given em phatic con sideration during damaging of D N A by UV light. The D N A peroxides form ed can react irreversibly to polar endproducts in widely different ways. A l though their biological significance is unknown, the photoinduced oxidations of D N A should be consid ered both in the blocking of reduplication and also during the change of the genetic information.
